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(54)Titte: DROSS COLLECTING ZINC POT 




(57) Abstract 

A zinc-coating pot for galvanizing steel strip has two levels along its bottom surface. The first, shallower level is located under a 
coating roll, thereby creating an area where the molten zinc-coating metal flow rate is relatively high. Dross particles remain suspended and 
do not accumulate on the bottom of the zinc-coating pot in this region. A second, deeper level is located to one side of the first level. This 
second level creates a space wherein the molten metal flow rate is less than the terminal velocity of the dross particles. This encourages 
sedimentation of the dross particles in mis region. It provides an accumulation area for any bottom dross to be later removed by a dross 
removal mechanism, such as mechanical scoops or by pumping, without interruption to the coating process. 
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5 

Background of the Invention 

This invention pertains to a coating pot for coating metal strip with a zinc- 
containing metal. More particularly, it pertains to a coating pot shaped so as to 
1 0 encourage the sedimentation of bottom dross in a collecting area of the coating pot 
so that the bottom dross can be contained until removed and then removed without 
interfering with the coating process. 

Steel is coated with zinc to protect it from corrosion. Zinc coatings can be 
applied by dipping or passing the steel article to be coated through a molten bath of 
15 the zinc-containing metal. This process is referred to as "galvanizing", "hot 
galvanizing" or "hot-dip galvanizing". 

The coating process can be operated continuously when the steel to be 
coated is a strip, which is typically wound on a coil. The strip is unwound from the 
coil and cleaned, annealed and/or otherwise prepared before it enters the molten 
20 bath. It is directed under a coating roll that is submerged in the bath. After 
traveling under the coating roll, the strip exits the bath. 

During the coating process, drosses can form in the molten bath. One form 
of dross, bottom dross, is predominately delta phase (FeZn 7 ) of zinc-iron 
intermetallics. The dross particles are slightly denser than molten zinc. As they 
25 form in the galvanizing bath, they are initially small and suspended by the 

movement of liquid currents in the zinc bath. However, the particles typically 
grow by Oswald ripening. The particles settle to the bottom of the zinc coating pot 
after reaching a critical size. 

Once a significant amount of bottom dross is accumulated, turbulence, 
30 caused, for example, by the steel strip passing through the bath, can dislodge 

particles of the accumulated bottom dross and bring it into contact with the steel 
strip. This results in defects in the finished coated strip. The resultant defective 
product must be scrapped or sold as low quality product 
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Dross is typically removed at regular intervals from the coating pot. 
Generally, it is removed by scooping it from the bottom of the coating pot. In 
order to do this, the coating operation has to be shut down during this removal 
procedure because the dross is deposited across the entire bottom of the coating 
n 5 pot. This down-time is expensive and inefficient in an otherwise continuous 
operation. It would be preferable if the dross could be removed without 
interrupting the coating process in a manner that would not result in surface defects 
in the coated metal strip. 

There have been many efforts to minimize bottom dross. For example, 
10 U.S. Patent 220,768, issued to Morewood, on October 21,1 879, discloses a two- 
level coating tank, wherein a first part of the tank is deeper than a second part of 
the tank. The more shallow part of the tank has baffles at the top of the tank to 
collect surface "scruff" or dross, which is a mixture of zinc metal, zinc oxides and 
iron-aluminum-zinc intermetallic particles. The patent does not discuss the use of 
1 5 a two-level tank to address bottom dross. Unlike the present invention, coating 
occurs in both the deep and shallow sections of the tank. 

U.S. Patent 2,15937, issued to Shover, on July 26, 1932, describes an 
apparatus for coating metal. The patent discloses the use of a pipe attached to the 
bottom of the coating chamber that allows for the removal of settled bottom dross. It 
20 does not teach the use of a two-level tank to encourage the sedimentation of the dross 
in a specialized collecting area, away from the coating area, so that the dross does not 
reduce coating quality. 

U.S. Patent 4,275,098, issued to Gunji et al., on June 23, 1981, describes a 
method and apparatus for continually hot dip galvanizing steel strip. The patent 
25 discloses a two-section coating pot wherein the first section, where the metal coating 
occurs, has an angled bottom with an opening into a deeper, second section. The 
purpose of the angled coating chamber is to allow bottom dross to fall into the deeper 
section where it is reacted with aluminum to produce surface dross. The bottom 
dross-free material is recycled back into the coating section and the surface dross is 
30 mechanically removed. The patent does not disclose the use of any means to remove 
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the bottom dross from the deeper chamber, rather it requires the reaction of the 
bottom dross with aluminum to produce surface dross. The patent also teaches the 
use of an impeller to increase the stirring effects and enhance the reaction of the 
bottom dross with the aluminum, in contrast to the present invention, which requires a 
5 collecting area that minimizes stirring. Furthermore, dross will not slide down the 
inclined portion as suggested in the patent; it stays where it drops. This means dross 
will not accumulate in the deeper section of the patented apparatus. Dross settles 
where the molten metal flow rate is low. The patented apparatus, by encouraging 
mixing in and flow through the deeper section, will not allow the dross to collect 
10 there. 

U.S. Patent 4,476,805, issued to Higuchi et al., on October 16, 1984, 
describes an apparatus for coating only one side of a steel strip with a molten coating 
metal. The patent discloses a two-level melt pot The patented apparatus is a spray 
coater, in contrast to the dip coating method of the present invention. The patent does 

15 not discuss the benefits of a two-level melt pot There is no suggestion that dross is 
less likely to settle in the shallower end. Nor is there any suggestion that a deeper end 
promotes sedimentation. Furthermore, coating in the patented apparatus must be 
halted to remove the collected dross. This is in contrast to the present invention 
where dross can be removed from the bottom while strip is being coated. 

20 U.S. Patent 5,587,017, issued to Yamanaka et al., on December 24, 1996, 

describes a process and apparatus for producing metal coated steel sheets. The patent 
teaches the use of a shallow portion in the coating tank under the sink roll to enhance 
sedimentation in the deeper portions of the tank created by the raised portion. The 
present invention provides for a shallow portion under the sink roll and in front of the 

25 sink roll. It is important to maintain a shallow area in front of the sink roll so as to 
inhibit sedimentation in that area. If dross builds up in front of the sink roll, the 
coating operation must be shut down to clean it out With the present invention, dross 
is encouraged to settle only in the deeper, back portion of the pot away from the sink 
roll so that it can be removed without interfering with the coating operation. This 

30 structure and its related benefit are not disclosed or suggested by the patent 
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Furthermore, the sharp edges in the patented apparatus do not suggest the angled 
slope of the present invention. The angled slope is easier to clean - the cleaning 
equipment could tear off sharp edges in the patented device. 

5 Summary of the Invention 

The present invention provides a coating pot for coating metal strip with a 
zinc-containing metal comprising a coating portion and a collecting portion, 
wherein the depth of the collecting portion is greater than the depth of the coating 
portion, and wherein the collecting portion is sized and located so that: 
10 a. the collecting portion is located to only one side of the coating portion; 

b. dross accumulates in the collecting portion; 

c. the molten zinc-containing metal circulates in the collecting portion at a 
velocity less than the terminal velocity of the dross; and, 

d. the dross can be removed from the collecting portion without 
1 5 interrupting the coating process. 

The present invention also provides a coating apparatus comprising a 
coating pot with a coating portion and a collecting portion, a coating roll and a 
dross removal mechanism. 

Brief Description of the Drawings 
20 Figure 1 is a side elevational schematic of a coating pot of the present 

invention. 

Figure 2 is a top schematic of a coating pot of the present invention. 
Figure 3 is a back elevational schematic of a coating pot of the present 
invention. 

25 

Detailed Description of the Preferred Embodiment 

As shown in the figures 1 - 3, the coating pot 10 of the present invention 
has a coating portion 12 and a collecting portion 14. The collecting portion 14 is 
deeper than the coating portion 12 of the pot and it is located to one side of the 
30 coating portion. 
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Coating pots are well known in the art. Any coating pot design can be used 
in the present invention, so long as the pot comprises a coating portion 12 and a 
collecting portion 14. Typically, coating pots comprise a metallic shell 16 lined 
with refractory bricks 1 8 and high temperature mortar (not shown). Preferably, the 
5 metallic shell 16 is made of structural steel. The coating pot 10 of the present 
invention can be made of any material that has sufficient strength to contain the 
molten metal and that can withstand the operating temperatures of the molten bath, 
about 790°F to about 900°F. 

A coating roll 20, typically suspended from a frame (not shown), is 

10 immersed in the molten metal of the coating pot. The metal strip 22 to be coated 
enters the molten bath in the coating pot 10, wraps around the coating roll 20, and 
then exits the coating pot 10 to travel on for further processing. There is no limit 
on the types of coating roll 20s and coating processes that can be employed with 
the coating pot 1 0 of the present invention. Any coating process that includes zinc 

15 in the molten coating material can be used in the coating pot 1 0 of the present 
invention. 

The coating pot 10 of the present invention comprises a coating portion 10, 
which is that portion of the coating pot 10 directly below the coating roll 20. The 
coating portion 12 is shallower than the collecting portion 14 of the pot The 

20 shallowness of the coating portion 12 encourages higher molten metal flow 

through the coating area. This higher flow minimizes the accumulation of bottom 
dross and encourages any dross particles that do form to remain suspended in the 
molten metal bath. Because of the circulation, the molten zinc and dross particles 
migrate to the collecting portion 14. 

25 The coating pot 10 further comprises a collecting portion 14, which is 

located to one side of the coating portion. The collecting portion 14 has a depth 
that is greater than that of the coating portion. This deeper portion creates a place 
where the velocity of the molten coating metal is less than the terminal velocity of 
the dross particles. This encourages sedimentation of the dross particles in the 

30 collecting area. The deeper section of the coating pot 10 also provides an 
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accumulation area for the bottom dross that has migrated from the coating area, so 
that it may be removed later by a dross removal mechanism without interfering 
with the coating. To promote the sedimentation of the dross particles in the 
collecting portion 14, it is necessary to avoid creating turbulence in the collecting 
5 portion 14. Therefore, the collecting portion 14 should be free of any stirrers, 
mixers or other devices that would increase the flow rate. 

Dross removal mechanisms are well known and can include mechanical 
scoops or a pumping mechanism. Preferably, the dross removal mechanism is a 
dross pump 24, such as that described in U.S. Patent Application Serial No. 
10 08/792,922, Method and Apparatus for Removing and Recovering Bottom Dross 
from Molten Metal During Galvannealing and Galvanizing, Meneice, filed June 
19, 1996, and incorporated herein by reference. 

Generally, the depth of the coating portion 12 should be minimized and the 
depth of the collecting portion 14 should be maximized. The shallowness of the 
1 5 coating portion 1 2 is limited by the coating equipment, such as the coating roll 20. 
The coating portion 12 must be deep enough to allow the complete immersion of 
the metal strip 22 in the molten bath. Preferably, the coating portion 12 is about 
40" to about 100" deep. More preferably, it is about 83.5" (2.1 m) deep. The 
depth of the collecting portion 14 must be sufficient to reduce the velocity of the 
20 molten metal below its terminal velocity, where the dross particles can settle out of 
the molten bath. It is limited by the ability to remove the dross collected on the 
bottom. Preferably, the collecting portion 14 is about 52" to about 130" deep. 
More preferably, if a dross pump 24 is used to remove the collected dross, the 
collecting portion 14 is about 6" (1 5.2 cm) deeper than the length of the pump. 
25 Most preferably, the collecting portion 1 4 is about 1 1 0.5" (2.8 m) deep. 

Preferably, the ratio of the depth of the collecting portion 14 to the depth of the 
coating portion 12 is in the range of about 1.1 to 1.5. More preferably, it is about 
1.3:1. 

Because the collecting portion 14 is to one side of the coating portion, the 
30 dross can be removed during the coating operation without interrupting that 
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operation. Preferably, the collecting portion 14 is located behind the coating 
portion 12 of the pot. This means that the collecting portion 14 is closer to the 
strip exiting the molten bath than it is to the strip entering the molten bath. 

The coating pot 10 Anther comprises a transition area The transition area 
5 is located between the coating portion 12 and the collecting portion 14 of the 

coating pot. It can be any shape, for example, the transition area can be a 90° step 
from the shallower coating portion 12 to the deeper collecting portion 14. 
Preferably, it is an angled slope 26. More preferably, the slope is about 45° or less, 
measured from the horizontal. Most preferably, the slope is about 30°. Dross 
1 0 scoops can more easily clean an angled slope 26; the angled slope 26 is less likely 
to be chipped by a scoop when the dross is scooped from around it than are the 
sharper edges of a 90° step. 
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What is claimed is: 

1 . A coating pot for coating metal strip with a zinc-containing metal 
comprising a coating portion and a collecting portion, wherein the depth of the 
collecting portion is greater than the depth of the coating portion, and wherein the 
collecting portion is sized and located so that 

5 a. the collecting portion is located to only one side of the coating portions; 

b. dross accumulates in the collecting portion; 

c. the molten zinc-containing metal circulates in the collecting portion at a 
velocity less than the terminal velocity of the dross; and, 

d. the dross can be removed from the collecting portion without 
1 0 interrupting the coating process. 

2. A coating pot in accordance with claim 1, wherein the collecting portion is 
located behind the coating portion. 

3. A coating pot in accordance with claim 1, wherein the ratio of the depth of 
the collecting portion to the depth of the coating portion is about 1 . 1 to about 1 .5. 

4. A coating pot in accordance with claim 3, wherein the ratio is about 13:1. 

5. A coating pot in accordance with claim 1 wherein the coating portion is 
about 40" to about 100" deep and the collecting portion is about 52" to about 130" 
deep. 

6. A coating pot in accordance with claim 5 wherein the coating portion is 
about 83.5" deep and the collecting portion is about 1 10.5" deep. 

7. A coating pot in accordance with claim 1 further comprising a transition 
area located between the coating portion and the collecting portion, wherein the 
transition area is sloped. 

8. A coating pot in accordance with claim 7 wherein the transition area is 
sloped at an angle of about 45° or less from the horizontal. 

9. A coating pot in accordance with claim 8 wherein the transition area is 
sloped at an angle of about 30°. 

1 0. A coating apparatus comprising: 
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a coating pot comprising a coating portion and a collecting portion, wherein 
the depth of the collecting portion is greater than the depth of the coating 
portion, and wherein the collecting portion is sized and located so that 
5 a. the collecting portion is located to only one side of the coating 

portions; 

b. dross accumulates in the collecting portion; 

c. the molten zinc-containing metal circulates in the collecting portion 
at a velocity less than the terminal velocity of the dross; and, 

10 d. the dross can be removed from the collecting portion without 

interrupting the coating process; 
a coating roll suspended over said coating portion; and 
a dross removal means. 

11. A coating apparatus in accordance with claim 1 0 wherein said dross 
removal means is selected from the group consisting of a scoop or a dross pump. 

12. A coating apparatus in accordance with claim 1 1 wherein said dross 
removal means is a dross pump. 
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